Numerous studies have shown that ingesting carbohydrate in the form of a drink can improve exercise performance by maintaining blood glucose levels and sparing endogenous glycogen stores. The effectiveness of carbohydrate gels or jellybeans in improving endurance performance has not been examined. On 4 separate days and 1-2 hr after a standardized meal, 16 male (8; 35.8 ± 2.5 yr) and female (8; 32.4 ± 2.4 yr) athletes cycled at 75% VO 2peak for 80 min followed by a 10-km time trial. Participants consumed isocaloric (0.6 g of carbohydrate per kg per hour) amounts of randomly assigned sports beans, sports drink, gel, or water only, before, during, and after exercise. Blood glucose concentrations were similar at rest between treatments and decreased significantly during exercise with the water trial only. Blood glucose concentrations for all carbohydrate supplements were significantly, p < .05, higher than water during the 80-min exercise bout and during the time trial (5.7 ± 0.2 mmol/L for sports beans, 5.6 ± 0.2 mmol/L for sports drink, 5.7 ± 0.3 mmol/L for gel, and 4.6 ± 0.3 mmol/L for water). There were no significant differences in blood glucose between carbohydrate treatments. The 10-km time trials using all 3 carbohydrate treatments were significantly faster (17.2 ± 0.6 min for sports beans, 17.3 ± 0.6 min for sports drink, and 17.3 ± 0.6 min for gel) than water (17.8 ± 0.7 min). All carbohydrate-supplement types were equally effective in maintaining blood glucose levels during exercise and improving exercise performance compared with water only.
The ability to sustain moderate-to high-intensity exercise for longer than 1 hr depends on the cardiovascular system's ability to deliver fuel and oxygen to the exercising muscle, the metabolic machinery's ability to convert that fuel into energy, and having adequate muscle and liver glycogen contents. Several investigations have shown that carbohydrate in the form of a sports drink, during exercise lasting 1 hr or longer, can improve endurance performance and maintain blood glucose compared with placebo (Bjorkman, Sahlin, Hagenfeldt, & Wahren, 1984; Coyle, Coggan, Hemmert, & Ivy, 1986; Febbraio, Chiu, Angus, Arkinstall, & Hawley, 2000; Fielding et al., 1985; Ivy, Res, Sprague, & Widzer, 2003; Jeukendrup, 2004; Jeukendrup, Brouns, Wagenmakers, & Saris, 1997; Mitchell et al., 1989; Tsintzas, Williams, Boobis, & Greenhaff, 1996; Tsintzas, Williams, Wilson, & Burrin, 1996) . Several options are available to athletes as a supplemental carbohydrate source during exercise training or competition, including drinks, gels, bars, and, more recently, sport jellybeans.
Most of the studies examining the effects of carbohydrate supplements on performance have used drinks as their form of supplement. Coyle et al. (1986) found that carbohydrate feeding in the form of a drink during exercise at 70% of maximal oxygen consumption (VO 2max ) prevented the drop in blood glucose that was seen with the placebo and increased ride time to exhaustion by an hour. Bjorkman et al. (1984) showed that glucose ingestion in the form of a liquid improved cycling performance while maintaining high glucose levels and reducing muscle glycogen use compared with consuming only water. Tsintzas, Williams, Boobis, and Greenhaff (1996) also observed a reduction in muscle glycogenolysis of Type 1 muscle fibers, as well as an 18-min increase in time to exhaustion, with the ingestion of a carbohydrate drink during a run at 70% of VO 2max as compared with placebo. Jeukendrup et al. (1999) had participants ingest a drink with low, high, or no glucose while exercising for 120 min at 50% of VO 2max and observed a progressive decrease in endogenous glucose production (liver glycogenolysis and gluconeogenesis) with increasing rates of carbohydrate ingestion. They did not, however, observe a decrease in muscle glycogen breakdown with the carbohydrate ingestion.
Although the benefits of carbohydrate drinks are fairly well established, only a few studies have compared carbohydrate supplements in forms other than a drink on exercise performance. Hargreaves, Costill, Coggan, Fink, and Nishibata (1984) found that ingesting a candy bar improved sprint performance after 4 hr of exercise as compared with placebo, and Murdoch, Bazzarre, Snider, and Goldfarb (1993) found that ingesting both solid and slurried bananas with added artificial sweetener equally improved performance after 3 hr of exercise at 70% VO 2max . Earnest et al. (2004) compared the effects of honey, dextrose, and a placebo on cycling time-trial performance. The carbohydrate conditions resulted in significantly faster times during the time trial than the placebo, with no difference between the carbohydrate supplements.
In recent years, novel forms of carbohydrate supplements have been introduced into the market, including gels and sports beans. These new products provide athletes with more options for carbohydrate supplements during endurance training and competition based on personal preference and portability. To the best of our knowledge no study has examined the effects of carbohydrate supplements in the form of sports gels or sports beans on exercise performance. Therefore, we chose to compare the effects of three different forms of carbohydrate supplements (sports drink, gel, and sports beans) with water only on endurance cycling performance during an 80-min exercise bout followed by a 10-km time trial using a randomized study design. Given the isocaloric administration of the carbohydrate supplements during exercise, we hypothesized that ingestion of the different forms of carbohydrate supplements would result in similar metabolic responses and would equally improve exercise performance over water only.
Methods

Participants
Sixteen endurance-trained female (8) and male (8) cyclists and triathletes completed the study. The number of participants chosen was based on a power analysis (http:// hedwig.mgh.harvard.edu/sample_size/quan_measur/cross_quant.html). Participants had been competing in their sport for more than 2 years, trained more than 5 hr/ week, and were nonsmokers. They were healthy as determined by health-history questionnaire and physical examination by a licensed physician and completed an informed consent approved by the institutional review board of the University of California at Davis (200513896-1) .
Experimental Protocol
Participants were asked to be well hydrated and to rest or perform only light exercise the day before each test. We also asked them to maintain the same diet and training program throughout the study. The participants' diets were monitored by 12-hr diet recalls (Food Processor SQL Version 9.2.0, ESHA Research, Salem, OR) collected before each test. Exercise-training programs were not controlled, but each participant recorded the intensity and duration of his or her daily exercise in training logs. The first laboratory visit consisted of a medical-clearance exam and a maximal exercise test to determine the work intensities for the four submaximal exercise tests.
Peak Exercise Test
Participants reported to the laboratory 1 week before their first submaximal test for a test of peak oxygen consumption (VO 2peak ). Height and weight were measured, and body composition was determined using Harpenden calipers to measure skinfolds at seven sites (Jackson & Pollock, 1978; Jackson, Pollock, & Ward, 1980) . Exercise tests were performed on the participants' own bicycles mounted on Computrainers (Computrainer Pro, Racemate Inc., Seattle, WA). Participants performed a standardized 15-min warm-up followed by a graded exercise test to exhaustion to determine VO 2peak . The initial workload of the test was 100-200 W and was increased by 25-30 W every 3 min until volitional fatigue. A metabolic cart (TrueOne 2400, ParvoMedics, Sandy, UT) was used to take continuous metabolic measurements. At the end of every 3-min stage, heart rate (HR) was obtained via a polar HR monitor (5410, Polar, Woodbury, NY), rating of perceived exertion (RPE) was obtained using a 10-point scale (Noble, Borg, Jacobs, Ceci, & Kaiser, 1983) , and blood lactate was measured using blood collected from an ear stick and a lactate analyzer (Lactate Pro, Arkray, Inc., Kyoto, Japan). From the VO 2peak test the power output that would elicit 75% VO 2peak was determined and used as the starting workload for the experimental exercise trials.
Experimental Exercise Trials
All the submaximal tests were completed 3-7 days apart. Participants were asked to consume the same diet the night before and the morning of each submaximal test (a typical prerace meal), which was verified with 12-hr diet recalls. Participants reported to the laboratory 1-2 hr after their typical prerace breakfast. They were weighed and skinfolds were measured. Participants performed all of their tests at the same time of day and under normal environmental conditions: 19-23 °C, 755-762 mm Hg, and 37-43% relative humidity. Before warming up, they rested quietly on an exam table while a 22G catheter was inserted into a forearm vein and a 6-ml resting blood sample was obtained.
Participants then warmed up on their bikes for 10 min and then cycled for 80 min at a workload corresponding to 75% of VO 2peak . During the first submaximal test the power output was adjusted to maintain 75% VO 2peak throughout the test, and the same protocol of workload increments was used for all subsequent submaximal tests. Every 20 min during the 80-min exercise bout, HR, RPE, oxygen consumption (VO 2 ), and respiratory-exchange ratio (RER) were measured and a 3-ml blood sample was taken. Immediately after the 80-min exercise bout, the participants completed a 10-km time trial as fast as possible. During the time trial they were able to control the power output. The average power output during the time trial and the time to complete the time trial were recorded. VO 2 , carbon dioxide production (VCO 2 ), RPE, and HR were collected just before completion of the time trial, and a 6-ml blood sample was taken as soon as the time trial was completed. For all time trials, participants were blinded to the time, power output, and HR and could only see the distance completed.
Supplement Formulation
One of three carbohydrate (5.9% or 0.6 g carbohydrate · kg -1 · hr -1 ) supplement forms or water only was randomly assigned for each experimental trial. Supplement forms included (a) sports drink (per 8-oz serving), 50 kcal, 14 g of carbohydrate (sucrose and glucose-fructose mix), 110 mg of sodium, and 30 mg of potassium; (b) gel (1 gel packet, 32 g), 100 kcal, 25 g of carbohydrate (maltodextrin and fructose), 40 mg of sodium, and 25 mg of potassium; (c) sport beans (14 pieces, 28 g), 100 kcal, 25 g of carbohydrate (sucrose and glucose), 80 mg of sodium, and 20 mg potassium; and (d) water only. Fluid intake was kept constant at 7 ml/kg before the start of exercise, 3.5 ml/kg every 20 min during the 80-min exercise bout, and 7 ml/kg within 15 min after the end of exercise. Participants were allowed to drink additional water throughout exercise, but each participant had to drink the same amount of water for each test.
Blood Analysis
Blood samples were collected in nonheparinized syringes. One drop was used to measure blood lactate using a portable lactate analyzer (Lactate Pro, Arkray, Inc., Kyoto, Japan), one drop was used to determine blood glucose using a glucose analyzer (Accu-Check, Roche, Mannheim, Germany), and hematocrit was determined using microhematocrit tubes (Statspin, Norwood, MA). Three milliliters of blood were placed in lithium heparin Vacutainer tubes for electrolyte analysis (Na, K) via the Beckman LX systems using an indirect (diluted) ISE method. Three milliliters of blood were drawn in EDTA tubes for free-fatty-acid (FFA) analysis via an enzymatic colorimetric assay (Wako Chemicals, Richmond, VA) adapted to a microtiter plate.
Calculations and Statistical Analysis
Energy derived from total carbohydrate and lipid oxidation was calculated by using the following equations assuming protein oxidation was zero: Data are presented as M ± SEM for 16 participants. This study employed a within-participant repeated-measures design comparing the effect of three carbohydrate supplements and water only on time to complete a 10-km time trial, average power output during the time trial, blood metabolic parameters, electrolyte concentrations, RPE, HR, and RER. With StatView software (Version 5.0.1, SAS Institute Inc., Cary, NC), a two-way analysis of variance (ANOVA) with repeated measures was performed with a Fisher's post hoc analysis to determine significant differences. Significance was set at p ≤ .05.
Results
Descriptive Characteristics of Participants
Participant demographic data are presented in Table 1 . The number of hours trained for the week before each trial, based on daily training logs (9.3 ± 0.8, 9.8 ± 1.0, 9.4 ± 1.3, and 9.4 ± 0.8 hr for sports beans, sports drink, gel, and water, respectively), did not change significantly during the study. Men had significantly greater values for height, body weight, and fat-free mass and lower fat mass and percentage body fat. Men also had a significantly higher VO 2peak when measured in L/min or ml · kg -1 · min -1
, but when the values were compared by lean body mass there were no differences between the genders. The 12-hr diet-recall data are presented in Table  2 . The total caloric intake and the composition of the participants' diet did not change significantly between the four trials.
Cardiovascular Responses to the Experimental Trials
Cardiorespiratory responses to exercise are presented in Tables 3 and 4 . HR was significantly (p ≤ .05) higher during the 80 min of cycling at 75% VO 2peak and the 10-km time trial than at rest with all supplements. HR remained stable throughout the 80 min of cycling at 75% VO 2peak and then increased significantly (p ≤ .05) with the 10-km time trial for all treatments. There were no differences between the treatments during the 80-min exercise bout. HR was significantly higher with sports beans during the 10-km time trial than with sports drink, and HR was significantly higher with sports beans and gel during the 10-km time trial than with water.
VO 2 was stable throughout the 80 min of cycling at 75% VO 2peak and then increased significantly (p ≤ .05) during the 10-km time trial for all treatments. During the time trial, VO 2 was significantly higher for all the carbohydrate supplements than for water. There was no difference among the carbohydrate supplements. Power output was kept constant throughout the 80-min exercise bout for all experimental trials (205.7 ± 12.2 W). Percent VO 2peak was stable throughout the 80 min of cycling at 75% VO 2peak , with no differences between the treatments. Percent VO 2peak then increased significantly for the 10-km time trial for all treatments and was significantly higher for all the carbohydrate supplements than for water. There was no difference among the carbohydrate supplements.
Metabolic Responses to the Experimental Trials
RER was maintained at or above 0.90 for all experimental trials (Tables 3 and 4) . RER significantly increased during the 10-km time trial after exercise at 75% VO 2peak in all treatments. It was significantly higher for all carbohydrate treatments during the 10-km time trial than for water, with no differences between the carbohydrate supplements. The percentage energy from carbohydrate increased significantly from the 80-min exercise bout to the time trial, and the energy derived from total lipid oxidation decreased significantly from exercise to the time trial for all treatments. The energy derived from carbohydrate oxidation was significantly higher and the energy derived from lipid was significantly lower with all the carbohydrate supplements than with water during the time trial, with no differences between the supplements. Blood lactate concentrations were between 1 and 3 mmol/L and did not significantly change during the 80-min exercise bout (Table 5) . They increased significantly during the 10-km time trial for all treatments. Blood lactate concentrations were significantly higher for all the carbohydrate supplements than for water during the time trial, with no differences between the carbohydrate supplements. Plasma glucose (Table 5 ) stayed above resting values for all carbohydrate supplements and only varied between 5.2 and 5.7 mmol/L. Glucose levels significantly decreased from resting values throughout exercise and the time trial with water only. Glucose levels were significantly higher for all carbohydrate supplements than for water at all exercise time points, with no differences between the carbohydrate supplements. Plasma free-fatty-acid (FFA) levels significantly increased from rest to exercise with water only and significantly increased from rest during the 10-km time trial for all treatments (Table 5) . Plasma FFA levels increased from the 80-min exercise bout to the 10-km time trial only in the water trial. Plasma FFA levels were significantly lower for all carbohydrate treatments during the 10-km time trial, with no differences between the carbohydrate supplements. 86.1 ± 1.6 † 83.7 ± 1.3 † 85.8 ± 1.6 † 78.4 ± 2.5 Respiratory-exchange ratio 0.97 ± 0.01 † 0.96 ± 0.01 † 0.96 ± 0.01 † 0.94 ± 0.01 % energy from carbohydrate 88.6 ± 3.3* † 87.6 ± 4.4 † 86.1 ± 3.9 † 78.0 ± 4.5 % energy from fat 11.4 ± 3.3 † 12.4 ± 4.4 † 13.9 ± 3.9 † 22.0 ± 4.5 *Different from sports drink, †different from water; p ≤ .05.
Electrolyte Concentrations
Serum sodium and potassium levels (Table 3 ) remained stable throughout the exercise bout for all treatments and remained within normal ranges. There were no differences between treatments in plasma electrolytes.
Fluid Balance
There were no significant differences in body weight pre-and postexercise (-0.3 ± 0.2, -0.2 ± 0.2, -0.2 ± 0.1, and -0.3 ± 0.1 kg for sports beans, sports drink, gel, and water, respectively), and there were no significant changes in hematocrit levels throughout the exercise bout for any of the treatments (44.3 ± 0.7, 43.8 ± 0.9, 43.4 ± 0.8, and 44.5 ± 0.8 for sports beans, sports drink, gel, and water, respectively).
Fatigue
The RPE increased significantly from the 80-min exercise bout to the 10-km time trial (Table 3 and 4). There were no differences between any of the treatments during the 80-min exercise bout. The RPE was higher during the 10-km time trial for sports beans than for the sports drink.
Exercise Performance
Average power output during the 10-km time trial was greater for sports beans than for water, with no differences between the other carbohydrate supplements (Table 6 ). Time to complete the 10-km time trial was faster for all the carbohydrate supplements than for water only, and there were no differences among the carbohydrate supplements (Table 6) . 
Discussion
The purpose of this investigation was to determine whether the form of carbohydrate supplement would affect fuel use and cycling time-trial performance in competitive endurance athletes, studied under normal training or racing conditions. Participants rested the day before, ate a standardized meal 1-2 hr before the experimental trials, and performed an exercise bout similar to race conditions, with a moderately hard steady-state exercise bout, followed by a 10-km time trial. The results from this study showed that all carbohydrate-supplement forms (sports beans, sports drink, or gel) were equally effective in maintaining blood glucose levels during exercise and improving cycling time-trial performance compared with water only. The maintenance of blood glucose levels during exercise with carbohydrate supplements has been shown in numerous studies (Bjorkman et al., 1984; Bosch, Weltan, Dennis, & Noakes, 1996; Coyle et al., 1986; Febbraio et al., 2000; Ivy et al., 2003; Mason, McConell, & Hargreaves, 1993; McConell, Fabris, Proietto, & Hargreaves, 1994) . Most of these studies used a carbohydrate supplement in the form of a drink, thus providing limited data on the influence of the form of the carbohydrate supplement. Mason et al., however, examined the influence of the form of carbohydrate supplements by having participants ingest either a liquid or a solid carbohydrate or a placebo while exercising at 65% VO 2max . They observed higher blood glucose levels with the carbohydrate supplements than with the placebo, with no differences between the carbohydrate forms. Robergs et al. (1998) also examined the influence of solid versus liquid carbohydrate supplements on the responses of blood glucose and glucoregulatory hormones during 2 hr of exercise at 65% VO 2max followed by a 30-min performance ride. They found no significant differences between the supplements for plasma glucose, insulin, glucagon, glycerol, lactate, RER, HR, VO 2 , RPE, or total work performed during the performance ride.
Most of the previous studies examining the ergogenic effects of ingesting carbohydrate during exercise have had participants exercise in a fasted state, which is not a normal prerace condition for competing athletes. In the current study, participants performed only light or no exercise and ate a standard prerace diet the night before and 1-2 hr before the test to ensure that they had adequate glycogen stores. Thus, the current study was designed to simulate normal dietary and physical prerace conditions. In addition, to assess exercise performance, many of the previous studies had participants exercise to exhaustion, whereas the current study had participants complete a 10-km time trial as fast as possible, which is analogous to what an athlete would actually do during a competition. Therefore, we feel that the results from our study can be directly applied to athletes under normal training conditions and when competing in cycling races. With the carbohydrate supplements, the participants were able to work at higher intensity during the time trial, as suggested by the greater VO 2 and %VO 2 values obtained than with water. In addition, the higher blood lactate levels observed during the time trial with the carbohydrate supplements than with water suggest that the participants were able to work at a higher intensity with the carbohydrate supplements. The ability to work at a higher intensity during the time trial with the carbohydrate supplements enabled the participants to complete the time trial in a faster time than with water only. We were not able to blind the participants with respect to the treatment type because two of the supplements were in a jellybean and gel form, so a placebo effect could have contributed to the improved performance with the carbohydrate supplements over water. To help counteract the possible placebo effect, we did blind the HR, power-output, and time data from the participants during the 10-km time trial, and all they could observe was the distance traveled. Other studies that have measured performance by time to complete a set amount of energy or distance have also shown faster performances with carbohydrate supplements than with water only (Earnest et al., 2004; Febbraio et al., 2000; Jeukendrup et al., 1999; Robergs et al., 1998) . Most used liquid carbohydrate supplements. Earnest et al., however, looked at honey, carbohydrate drink, and water and found that both carbohydrate supplements improved cycling time-trial performance over water, with no difference between honey and sports drink. Robergs et al. found no difference between liquid and solid carbohydrate supplements on time-trial performance.
Power output during the 10-km time trial was significantly higher with the sports beans than with water only, suggesting that the participants were able to do more work with the sports-bean supplements. Perhaps the outer coating of the sports beans slowed the breakdown and absorption of the supplement, allowing for availability of carbohydrate during the time trial when no supplement was provided. The time to complete the time trial, however, was significantly faster with all the carbohydrate supplements than with water only, with no differences between the supplements. Therefore, the differences in power output observed among the trials might be a result of the limitations of the device used to accurately measure power output.
Higher RER values and lower FFA concentrations observed with the carbohydrate supplements during the time trial suggest that the participants were oxidizing more carbohydrate and less fat than in the water-only trial. Although we did not directly measure exogenous glucose oxidation, Jeukendrup et al. (1999) observed an increase in exogenous glucose oxidation and a decrease in endogenous glucose use with carbohydrate supplements during exercise. They also observed lower FFA and glycerol levels with carbohydrate supplements, resulting in suppressed fat oxidation with the supplements compared with the placebo. The improved performance and the maintenance of high blood glucose levels observed in our study could have resulted from increased use of the carbohydrate supplied through supplements and a preservation of endogenous carbohydrate sources.
In conclusion, when carbohydrate supplements are ingested at similar rates and contain similar carbohydrate types, the form of the carbohydrate supplement does not seem to influence the beneficial effects of the supplement. The ingestion of carbohydrate supplements in the form of a drink, gel, or sports beans during exercise of approximately 2 hr with sufficient glycogen and in normal environmental conditions was effective in maintaining blood glucose levels and improving performance over water only. Therefore the novel carbohydrate-supplement forms of sports gel and sports beans are effective nutritional aids that provide athletes with more options to combat the issues of supplement digestibility and portability faced during endurance training and competition.
